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UBV observations of asteroid 1*33 Eros were conducted on 17 nights 
during the winter of 197^/75* The peak-to-peak amplitude of the light 
curve varied from about 0.3 tnag to nearly l.U mag. The absolute V 
magnitude, extrapolated to zero phase, is 10. 85 . Phase coefficients 
oi‘ 0.0?1*5 mag/degree, 0.0009 mag/degrec, and 0.0001* mag/degree were 
derived for V, B-V, and U-B, respectively. The zero-phase color of 
Eros (B-V = 0.88, U-B = 0.50) is representative of an P> ( si li caceous ) 
compositional type asteroid. The color does not vary with rotation. 
The photometric behavior of Eros can be modeled by a cylinder with 
rounded ends having an axial ratio of about 2.3:1. The asteroid is 
rotating about a short axis with the north pole at X Q = 15° B 0 = 9° • 
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I. OBSLHVATIONS 

UHV observations of Eros were conducted or* 17 nights during the 
winter of 197^/75. On most nights the coverage spanned one complete 
rotation of the asteroid. All measurements were made using a conven- 
tional single-channel photometer equipped with standard UBV filters on 
the U2-inch (107-cm) telescope at Lowell Observatory's Anderson I’esa 
site. A dc recording system which produces both an analog record (strip 
chart) and a digital output via a teletype printer was employed. The 
photomultiplier was an EMI 62$6 S cooled to -15°C. 

Geocentric positions of Eros are given in Table I for each night 
of observation. This ephemeris was calculated using a method developed 
at Lowell Observatory for use in a survey program of asteroid photometry 
and is refeired to as the method of "quasi-osculating elements." These 
are the elements which lead to a geocentric ephemeris in best agreement 
with positions given by a rigorous numerical integration that includes 
planetary perturbations. The quasi-osculating elements therefore differ 
from the true osculating elements in two important respects: they 

are applicable over an extended interval of time rather them at an 
"instantaneous" epoch only, and they contain implicitly the effects 
of planetary perturbations and light time. 

The quasi-osculating elements for Eros were derived from the 
positions published in Ephemerides of Minor Planets for 197^ , Leningrad 
1973, and are as follows: 
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M 

356?258l 

e 0.222U81* 

u 

178? 1*367 

n 2016.76 arcsec/day 

0 

303*8233 

a 1.1*5736 A.U. 

i 

10? 8230 



The four spherical elements are referred to the mean ecliptic and 
equinox of 1950.0. The accuracy of the ephemeris over the interval 
August 197** through July 1975 is probably better than 30 arcsec in 
a and 5, and 0.001 A.U. in r and A. 

Each night, observations of Eros were interspersed with observa- 
tions of one or two comparison stars. An effort was made to select 
stars which were near the asteroid's path on the sky and which were 
similar to Eros in brightness and color. However, it was not always 
possible to satisfy all three criteria simultaneously. The UHV 
magnitudes and color indices of the comparison stars as determined 
from observations on subsequent nights are given in the last three 
columns of Table II. These values are based on from one to four 
nights' observations as indicated in column six. The uncertainty in 
the magnitudes and color indices as judged from the agreement of results 
from different nights is estimated to be on the order of 0.01 mag. 

Column one contains the dates 1 on which the objects were used as 
comparison stars, while column two gives the catalogue numbers of those 
stars bright enough to be included in the Bonner Durchmusterung or 
Schon.ield's Southern Durchmusterung. The stars' coordinates are listed 

^.T. dates and times are used throughout this paper. 
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in columns four and five. 

Typically a single mea3ureme t of the asteroid or a comparison 
star consisted of three ten-scronl integrations on the object an'’ one 
ten-second integration on the sky through each of the three filters. 
The observations of Eros were reduced relative to those of the 
comparison stars using mean value3 for the extinction and ♦ran (forma- 
tion coefficients. 


II. VARIATION IN BRIGHTNESS 

The observed V magnitudes of Eros corrected to unit distance from 
the Sun and Earth are listed along with the Universal Times of the mea- 
surements (uncorrected for light time) in Table III. These date are 
plotted as crosses in Figures 1, 2, 3» and 4. The solid curves, which 
are shown for visual clarity, were drawn freehand through the same 
points shifted to the left and right by amounts equal to Eros' mean 
synodic period. The lig^t curves in Figures 1, 2, 3, and 4 have been 
aligned so that the times of primary maxima (as defined below) coincide 
with the midpoint of the abscissa. 

Maxima and Minima ’n the Light Curve 

Table IV lists epochs of light-curve maxima and minima together 
vith their absolute V magnitudes. Like most asteroids, the light curve 
of Eros passes through two maxima and two minima during each rotation. 
We define primary maximum as the brighter of the two maxima on the 
light curve of 18 October 1974 , and primery minimum as the fainter of 
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the two minima on that date. Further, in order to identify subsequent 
primary maxima without contusion, we suppose that they succeed each 
other after an interval corresponding to one synodic axial rotation of 
Eros. Primary minima, secondary maxima, and secondary minima are 
identified in a similar way. From this convention it follows that 
maxima and minima succeed each other cyclically in a fixed order, 
namely: primary maximum, primary minimum, secondary maximum, secondary 
minimum. In this way maxima and minima may always be related to a 
given rotational phase of Eros even though, as examination of Figures 
1, 2, 3, ard h and Table IV shows, primary maximum is not always the 
brighter of the two maxima or primary minimum the fainter of the two 
minima. 

Times of maxima and minima were calculated from the chart record 
of the photoelectric signal. This analog record is at a conveniently 
large scale, 2 minutes per inch in time and 10 inches full-scale 
deflection, so that the timing of events may easily be made to ±2 S . 
Timing marks were established by identifying events on the chart with 
the clock time recorded on the teletype-writer output and are accurate 
to ±l s . Hand-drawn curves were used to determine times of maximum and 
minimum light for each of the three filters, and this method was 
preferred to analytical curve fitting because decisions regarding 
oo4»r data could be more easily made. The epochs listed in Table IV 
have been corrected for light time: J.D. (c) - J.D. observed-light 
tine. The error e is estimated from the scatter in the epoch 
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determinations for the three filters, the curvature and regularity of 
the light curve, and the number of integrations used to define It; e 
should be comparable to the standard deviation. The V magnitudes at 
maximum and minimum light should contain no significant errors d e 
to interpolation. 

From the epochs listed in Table IV it is clear that tie Intervals 
between successive maxima and minima varied considerably arid in a 
complex manner as the apparition progressed. For example, the interval 
between primary maximum and primary minimum increased from 1^19 m 
(0.250 synodic periods) on 18 October 197^ to 1^35 m (0.301) on 
U January 1975» decreased to a minimum of about l* 1 20 m (0.25) near 
12 February, and increased again to 1^25 m (0.268) on 19 March. The 
intervals between the other maxima and minima likewise varied in a 
complex manner. A possible explanation for these variations is given 
in section IV. 

Absolute Magnitude and Phase Coefficient 

Veverka (1971) has discussed the pitfalls which are attendant to 
the determination and interpretation of asteroid phase curves. It 
appears to us that a meaningful phase coefficient can be derived for 
Eros and other asteroids with large rotational brightness variation 
if their shapes can be approximated by a two-axis surface of revolution 

such as a prolate spheroid or a cylinder. Such an asteroid, rotating 

'•v 

about a short axis, will always present the same figure and total 
projected area (illuminated and in shadow) near times of maximum light. 



regardless of aspect. In this case, changes in the brightness of the 
maxima corrected to unit distance can be attributed to phase eifects. 

In Figure 5 we have plotted the observed brightness of Eros at 
primary and secondary maxima, corrected to unit distance from the Sun 
and Earth, against solar phase angle. The straight lines, whose equa- 
tions are given below, were fitted to the data by least squares. 

i 

V(l,a) = 10.85 + 0.0237 |a| (primary maximum) 

±.02 ±.0006 

V(l,a) = 10.79 + 0.0255 | a 1 (secondary maximum) 

±.02 ±.0006 

Extrapolation to zero phase of the brightness data for the secondary 
maximum may be unreliable in view of the apparent curvature. For the 
absolute magnitude of Eros at photometric maximum, extrapolated to 
zero phase, we therefore adopt V^(l,0) = 10. 85. The mean phase coeffi- 
cient at the V wavelength is By = O.O2U5 mag deg -1 . Eros is considerably 
brighter than most previously published results suggest. Taylor (1971) 
gives Vq (1 ,0) * 11. 5 1 *. 

If Eros were not symmetrical about its long axis, then its pro- 
jected area at maximum light — and therefore brightness — would vary with 
aspect. The variation in brightness due to aspect alone would be 
symmetrical about an aspect of 90° (equator-on), while the variation 
in brightness due to solar phase angle would be symmetrical about 
opposition. We will show later in this paper that the aspect of Eros 
was 90° on about December 29, 197^» at which time the solar phase angle 


war. 30°, while opposition occurred much later on January 21, 1975 • 

Hence, If there were any sub->tont f a’ variation with aspect in the 
projected area of Eros at m .:imum light, the data in Figure 5 could 
not possibly be fitted by - .ralght lines. Since the data — particularly 
for the primary maxima — are well fitted by straight line3, we conclude 
that Eros' figure can be closely approximated by a two-axis surface 
of revolution. We further conclude that the phase coefficient which 
we derived is indeed a measure of the roughness of Eros' surface. 
A mplitude of the Light Curv e 

Figure 6 shows the peak-to-peak amplitude in the light curve 
plotted against Julian date. The data were calculated from the V 
magnitudes in Table IV. We define two measures of amplitude: magnitude 

at primary minimum minus magnitude at primary maximum, and magnitude 
at secondary minimum minus magnitude at primary minimum. We refer to 
these as primary and secondary amplitudes, respectively. A maximum 
amplitude of about l^U near J.D. 2hh2hl0 (29 December 197*0 is indi- 
cated. 

Position of the Pole of Rotation 

Many methods have been used to determine the orientation of the 
rotation axis of Eros, and most of these have been described by Vesely 
(1971)* We present here a new method based on the dependence of the 
light-curve amplitude on the aspect angle tp (the angle between the 
rotation axis and the line of sight). 

We assume: (l) that the maximum amplitude in the light curve 
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occurs when the sub-Earth point is on the rotatfona 1 equator of Eros 
(i.e. , B 90°) , (?) that Eros is bi symmetrical about its equator, 

(3) that there is no large-scale verlegatlon of surface texture or 
albedo, and (U) that changes in the ph' angle or the a3terocentric 
declinations of the Sun and the Earth affect the m-juenitudes at maximur. 
ami minimum equally, anl therefore do not affect the amplitude. Clearly 
it is unlikely that the^e conditions are precisely met, and so the 
derived position of the pole may be only approximate. 

It follows from our model that the light-curve amplitude depends 
only on the asterocentrl c declination of the Earth d- (* 90°-^) and 
that a given amplitude occ' 1 -s twice during the apparition, when the 
aspect is 90°id£. Hence, if (ag.fig) are the right ascensions 

and declinations of Eros at aspects 90°-d^ and 90°+d^. respectively, 
and if (a„,5 0 ) is the right ascension and declination of the (northern 
hemisphere) pole of rotation of Eros, then 

tan $ 0 « “ COf ' 6 1 COS (a r a o ) " COS fi 2 C ° 8 (a 2 

sin + sin <5 ^ 

This equation is to be solved for a 0 , 6 0 by optimization techniques. 
Separate solutions were attempted for primary and secondary amplitudes, 
and we assumed that i|» > 90° (dg < 0°) for dates prior to J.D. 2UU2U10. 
Five amplitudes were selected (O.U, 0.6, 0.8, 1.0, and 1.2 magnitudes), 
and pairs of dates were computed from Figure 6 losing linear interpola- 
tion. The corresponding geocentric coordinates (a^,5^), (a 0 ,fi 2 ) were 


used in the equation above. Trial values of <a 0 for each pair of geo- 
centric position* then led to values for 6 0 . We suppose that i f a 0 is 
correctly chosen, then the computed So will not vary with amplitude, 
in which case a plot of 6 Q versus amplitude should result in a func- 
tional relationship with a gradient or correlation coefficient of 
zero. In practice it wa.5 found that fairly highly correlated line-ir 
relationships exist between 5 0 and amplitude for all a 0 and that a 
determinate solution for (c» 0 ,5 0 ) exists. 

The solutions are: u 0 = 0 h ^2?8, S 0 * + lk?9 from the primary 

amplitudes, and a 0 = 1^10?6, 6 0 * + 10? 3 from „he secondary amplitudes 
(1950.0 coordinates are used). The difference betwee" the two pole 
determinations is manifest in Figure 6 as a time displacement between 
the two curves: in general the primary amplitude is first to attain 
a given amplitude. The solution for the position of the pole derived 
from the secondary amplitudes is ill-conditioned because these vary 
with time in a somewhat irregular way after J.D. 2UU2U10. We therefore 
reject the solution from the secondary amplitudes and adopt: 

a 0 *= 0 h l»2?8 ± U?0 6 0 - +lU?9 ± 3% (1950.0) 

Xo = 15? 1 * * 2? 2 Bo * +9?3 ± 3?8 (1950.0) 

The probable errors are estimated from the r.m.s. scatter about the 
least-squares line in the 6 0 , amplitude plane. 


III. UHV COLOR IMDICh' 


In order to derive accurate color indices, It was necessary to 
correct for the substantial Chang* In Ini' brightnesi v':.!ch occurred 
during the time required to obtain a complete three-color set of 
measurements. The correction wus made In the present work by fitting 
parabolas through each group of three successive observations in a 
given filter and interpolating the observed V and U intensities to 
the time of the F-filter measurement. 

Rotational C olor Vari ation 

No evidence of rotational color variation was found on ar.y of the 
16 nights* that multi-filter measurements were made. Figures 7 and Q 
illustrate the absence of rotational variation in the color indices of 
Eros on two nights separated by about seven weeks. The standard devia- 
ti •. * the color-'index measurements on these two nights is between 
Ci.005 mag and 0.007 mag. Certainly any variation in B-V or U-B had 
a peuk-to-peak amplitude less than our detection threshold of 0.01 mag. 
UBV Colors and Reddening with Phase 

Reddening of certain asteroids with increasing solar phase angle 
has been reported in the literature (see, e.g., Gehrels , 1970). In 
Figures > and 10 the nightly mean color indices of Eros from the present 
observations (filled circles) are plotted against solar phase angle. 

The solid lines were fitted to these points by least squares and are 
described by the following expressions: 


*0nly V measurements are available for the night of 8 November. 



B-V (a) *= 0.38U + 0.000 M 


♦ .005 t .OOCv 
U-B (a) «= 0.503 + 0.0001:3 |a| 

± .011 t .000b 

i- : ; : ! • _ . p * . * - is cl*. ’> s tn t v B-V r u:> • l. «*• ! r w 

be pre. .1 in U-3. 

2' • b--- i circle, Ir FI -j - 9 f,l !' ir. "" ol . * l v 

r. F. Te J - j (19Y5) in L" Cn. ■< - , wr Me th. circle.! cro.:r d> 

b$ J. L. Dun lap (1975) and W. Wisr lewski (1975) in T ucs 

' 

• ;re*r.c:.ts by Dun lap and V levskl in r« 

r with the ] all tl I • • 


Th' U-3 n. ire.v.ents by the Tucson ol •. r. t. ; to be sy.;t» :v 'o'ly 
redd r by about .04 mug than le results obtain* ! In Flag t f 

This difference notwithstanding* it is quite clear that 
Eros’ •• indices are representative of an S (ailicaceous ) comj 
tione . t} . asteroid (Zellner et aj_. , 1975)* 


IV. THE SHAPE OF EROS 

We have shown that the color of Eros does not vury with rotation, 
and this suggests that Eros is not mineralogically variegated on a 
large scale. Zellner and Gradie (1975) have shown that the polarization 
of Eros is constant during a rotation and have argued that both the 
albedo and microscale surface roughness are uniform to at least one 
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part In l»0. Her ?• , it r !<• Cj.' - u' 1 th t o 1 . ’ b 
variat! is die to s' . 

Bt causa tha : plltud of fc] li , 

I I body rotating al a 1 . 

with ] 

mug-.* t i Jv of Eros at ni • I mum light lr.pl its a figure which is rr • . or 
If-.. sy £.' * ' ' lo - ' . C • , a t ' ■ ’ e 1 : ; 

having the d-’n- <?. -Ivcd ty R. . • a: ■ Su ’i ■ (i9 i' ru 1 ' 1 

c.h , bocau: - * the proJ» ar of such u* ol je t sc • l ■ d- v 

vary greatly with _-t. 

In Figure 11 v- have plotted the light-curvt amplitude o r l ro:: 
a a fur. ’tier of £ t • -t. As ir. Fig.-e C, vt distinguish between 

I . j - t ' ■ . Eros ' asj w 

assuring the pole derive! above. We consider the aspect angle so 
calculated to be accurate to within about 3°, Which is quite adequate 
for the purposes of the following discussion. 

Computed amplitude-aspect curves for three car lidate biaxial 

figures are also shown in Figure 11. The figures are a prolate 

spheroid (PS), a cylinder with hemispherical ends (HC), and a right 

cylinder (RC). These curves were computed on the assumption that the 

amplitude of such a body seen at any particular aspect angle is given 

simply by the ratio of the maximum to minimum projected areas, expressed 

in stellar magnitudes. This assumption is not completely valid because, 

as Veverka (1971) has pointed out, the phase coefficient of a non-spherical 
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body vi]l be dtffe-< t W 1 f object If v c J-o: f • vh. t 
side -c:. . Hence th* v’>! b< cl-, o r fv . if c* • s o 1 »• 

I angle. However', V . V ' . t • . 

groat. 

The three c< • putnd curve:! were nor .* i ?.■.■ 1 to a r. ■' * r.ur emp 1 if ■ 1 

o' - '.'':. by C ’ ' ' I ' S , ! , ' • ! 

th- proW er’ • * d , t * ey v . ' v! h c ' , e- ’ 1 '• 

ri ght cyl l • i - r , r< . . ' ' / 1y . A ■ t.h - ft ' ' f > 1 n 

o'- f 1*2 s f vs believe that the di 

cue* may bo duo to shadowing rather thv- the ov.re.Vi sbuj- of th 
asteroid, as explained be lew. it is la liately apparent from Figure 11 

t - f t ro 1 ■ 

than that of Eros. Th* curve for th* right cylinu. r ay; am to !• .tch 
Eros well over the range of aspect angles considered, at 1 that for a 
cylinder with hemispherical end3 matches rather less w 11. 

When the shapes of the computed rotational light curves for the 
three biaxial figures seen equator-on are compared to the observed 
light curve of Eros near maximum ar.pl itude, it is found that all three 
curves fit reasonably well, having broad ma dma a ! i • ■ 

minima. However, the rotational light curve for the right cylinder 
has two-peaked maxima, which is not observed. Therefore, the ov< ral 1 
shape of Eros is well matched by a cylinder with rounded ends. 

An estimate of the axial ratio of Eros may be made as follows. 

We consider the effect of shadowing by macroscopic irregularities on 
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the side and end facc* 3 . When Eros is side-on to Earth, the total 
cros 3 -sectional ar-^a iR at or near maxim" d when sld' - — on to the 

Sun, the area of shadows visible from Eu is near minimum. It is 
possible that maximum light occurs between these two positions because, 
when viewed side-on to Earth, a small axial rotation could result in 
a greater change in the area of visible shadows than the change in 
the total cross-sectional area. The opposite argument holds at 
minimum light, where the minimum cross-sectional area and the maximum 
shadowing have to be considered. Thus the f racti on of the total 
visible area which is due to shadowing by macroscopic irregularities 
is greater at minimum light than at maximum, and the amplitude of 
the light curve is thereby increased. Therefore, in order to match 
the observations well, we require that the amplitude due to an approxi- 
mating figure be less than that observed. Now, since the calculated 
curves for either of the cylinders mentioned above can be scaled up or 
down by increasing or decreasing the axial ratio, an upper limit may 
be set to the axial ratio. We find that the overall shape of Eros is 
well matched by a cylinder with rounded ends having an axial ratio 
which probably does not exceed ?.3:1. This result contrasts with 
the deductions of previous workers (e.g. , Cailliatte, 19 ^ 9 ) who con- 
sidered that the 1 . 5 -magnitude maximum amplitude frequently observed 
implies that the figure of Eros has an axial ratio of 1».0:1. 

Obviously, the photometric behavior of Eros cannot be precisely 
modeled by any completely symmetrical geometrical figure. The primary 


and secondary maxima are not equally bright, and their relative bright- 
ness changes throughout the apparition. The sane is true of the 
minima. Furthermore, as stated earlier, the time interval between 
successive maxima and minima changes with time in a complicated manner. 
Undoubtedly, these idiosyncracies of the observed light curve are the 
result of irregularities on the surface of Eros. Collisional processes 
are believed to have been important ir. the formation and evolution 
of asteroids, so a heavily cratered and otherwise irregular surface 
would not be unexpected for Eros. Such features will cast shadows 
and therefore have a significant impact on the observed light curve. 

It is possible, by invoking strategically located craters, to account 
for most of the departures of the observed amplitude-aspect curves in 
Figure 11 from the selected model curve. However, it is very doubtful 
that a unique picture of Eros can be derived in this way. 


APPENDIX 

Magnitude at the occultation of k Geminorum A 

On 2U January 1975 Eros occulted the Vth-magnitude star < Gem A. 

This unique naked-eye event was widely observed in the northeastern 

h m 

United States at about 0 21 U.T. , and timings of its duration have 
led to an estimate of the projected size and shape of Eros. According 
to O'Leary et al. (1975) » the data are best fitted by an ellipse measuring 
19 x 7 km 2 (preliminary values). 

We have determined by interpolation the apparent V magnitude at 
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the time of the occult at ion , using date from the five light curves of 

17 January through 2 February 197b* The epoch of the secondary minimum 

Immediately preceding the occultation was estimated to be ?h January, 

0^08 m 3b S U.T. (not corrected for light time). The occultation therefore 

occurred on a steeply rising part of the light curve, some 12™ after 

secondary minimum. Allowing for the variation in the interval between 

h /?r. s 

successive secondary minima and taking this interval to be 5 16 0? 
on 22 January, we find that the occultation took place at a rotational 
phase 0.0393 synodic periods after secondary minimum. V magnitudes 
were then calculated for the same rotational phase on the five light 
curves mentioned above, and these were interpolated to the occultation 
time. As an internal check thir procedure was repeated using rotational 
phas*^ measured with respect to the primary minimum and both maxima. 

¥ *e result is: 

1975 Jan 2U, 0 h 2i m U.T. V = 8.009 ± 0.012 - 0.020/minute; 

V( 1 , 0 ) = 11.81:3 ± 0.012 - 0.020/minute; 

V(1,0) = 11.63 ± 0.03 - 0.020/minute. 

The last term indicates the instantaneous rate at which Eros was 
increasing in brightness. The uncertainty in V and V(l,a) incorporates 
estimated errors due to rotational phase determination, interpolation, 
and observational scatter in the magnitudes, while the error V(l,0) is 
larger because of the uncertainty in extrapolating to zero phase (the 
pb**s-i function due to Gehrels, 1970, was used). 
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G eometric Albedo 

The geometric albedo p may be calculated using a formula adapted 
from Bovell and Zellner C 3 9Y ^ ) : 

log p y *= 6. PUU - O.b V(l,0) - 2 log r c . 

The apparent dimensions given by O'Leary cl al. ( 19Y5 ) indicate a projected 
area of 10b km ? at the time of the occultatlon, which is equivalent 
to a circle of diameter D 0 *= 11.5 km. This leads to Py c 0.29 * 0.01 , 
where the uncertainty reflects that in V(l,0) only. However, a 1-km 
error in the length of the short axis would change p y by 0.05, so that 
the value of Py should be taken as indicative only. 

The only other direct estimate of the size of Eros was obtained 
visually during a series of micrometric measurements by van den Bos 
acid Finsen ( 1931 ) - According to Watson (1937) their estimate implies 
a long axis of about 35 km. If ve assume an axial ratio of 2.3:1, 
then the short axis measures about 15 km. Consideration of our two 
cylindrical models leads to maximum cross-sectional areas of b83 km ? 
(cylinder with hemispherical ends) end 533 kra ? (right cylinder). 

Taking the diameters of the spheres of equal cross-sectional area to 
be D Q = 2b. 8 and 26.0 km and using the absolute magnitude derived in 
section II, we obtain Py = 0.139 and 0.126, respectively. It must 
again be stressed that these values are indicative only. 
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Tabic II 


Comparison stars 


Date R.A. Dec. 


1974/5 

B.D. 

1950.0 

1950.0 

N 

V 

B-V 

IFd 

18 

Oct 



5 h 31 m 54 s 

♦ 50‘ 

‘06! 5 

4 

11.170 

0.293 

0.225 

18 

Oct 



5 

31 

22 

50 

01.3 

4 

10.990 

0.367 

0.247 

19 

Oct 



5 

34 

32 

50 

18.2 

3 

11.600 

0.622 

0.052 

19 

Oct 

♦50° 

1208 

5 

34 

47 

50 

20.4 

4 

8.422 

1.105 

0.862 

8 

Nov 



6 

35 

12 

54 

37.4 

2 

11.033 

1.006 

0.681 

8 

Nov 

♦ 54° 

1054 

6 

35 

27 

54 

41.6 

2 

9.415 

1.644 

1.959 

10 

Nov 



6 

40 

32 

55 

02.4 

2 

10.546 

1.196 

1.173 

10 

Nov 

♦55° 

1112 

6 

40 

18 

55 

06.5 

2 

9.990 

0.279 

0.078 

24 

Nov 

♦56° 

1209 

7 

20 

14 

56 

24.3 

1 

10.969 

1.256 

1.136 

6 

Dec 

♦56° 

1241 

7 

47 

05 

56 

31.4 

2 

8.543 

1.663 

1.909 

6 

Dec 

♦ 56° 

1242 

7 

47 

32 

56 

37.3 

2 

9.405 

1.076 

0.781 

24 

Dec 

♦52° 

1278 

8 

03 

27 

52 

08.6 

2 

8.876 

0.443 

-0.036 

4 

Jan 

♦46° 

1348 

7 

59 

36 

45 

45.3 

2 

7.936 

1.048 

0.985 

12 

Jan 

♦ 38° 

1836 

7 

51 

59 

38 

21.0 

2 

8.095 

1.061 

0.878 

12 

Jan 

♦ 38° 

1834 

7 

51 

20 

38 

14.5 

2 

8.374 

0.665 

0.212 

17 

Jan 



7 

47 

39 

32 

44.1 

2 

10.438 

0.639 

0.204 

19 

Jan 

+30° 

1566 

7 

44 

17 

30 

13.6 

2 

8.358 

1.051 

0.875 

23 

Jan 

♦26° 

1633 

7 

41 

05 

25 

54.6 

4 

5.332 

1.551 

1.852 

27 

Jan 

♦20° 

1885 

7 

40 

14 

20 

14.6 

2 

8.230 

-0.054 

-0.499 

2 

Feb 

♦13° 

1725 

7 

36 

51 

13 

00.5 

2 

8.929 

0.624 

0.175 

12 

Feb 



7 

36 

08 

3 

00.6 

3 

10.095 

0.885 

0.600 

27 

Feb 

- 6° 

2325 

7 

48 

04 

- 6 

43.0 

3 

9.250 

0.609 

0.083 

19 

Mar 

-11° 

2321 

8 

18 

23 

-12 

16.2 

4 

9.810 

1.246 

1.221 
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V(ljtf 

U.T. 

V(l.« 

U.T. 

VU*. 

U.T. 

VI 1 .«< 

It (X.t-4 ■ t 

1974 

09*01*3 

I2?ll» 

<79*1170 

i:?6oi 

OiS^t 

11^22 

<76*5 * 1 

ll" 



OS 10. s 
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0- ! 

12 3-6 
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0*) 17. S 
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12. 142 
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12.524 

|0 20. 1 

1 < 

o' zi.3 

12 139 



10 2- 1 

12.077 

09 97.1 

12.6*4 

10 26.2 

1! ■ 

0' 33.9 

12 Obi 

10 No.-. 

.’sr 1974 

10 30 5 

11.910 

09 It 9 

12.783 

10 VS 

II ► 

0* 41 4 

12 .0- it 
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It. I 

0-> 16.6 

12 84 l 
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II 711 

O’ Si. 4 

11.941 

06 26.9 

12.139 

in 44.6 
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04 00 0 
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11.141 
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in 64. 1 

II 

04 O’.J 

li ■> - 

06 46.3 

11.916 

10 54. 3 

11.414 

00 30.5 

12.4-1 

1" *9. ) 

17 1 ■ 

04 14.1 

11 441 

06 SO. 1 

11.693 

11 06.3 

11.112 

09 .31. 3 

12 245 

10 31 1 
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04 22. 2 

11.441 

06 39.4 
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11 1! ’ 

11.4 

0- 40.1 

12. 0-2 

10 54.6 
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11 14 > 

II. (4-1 

09 46.2 

11.937 

II 07 1 
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11 144 

O' 16 4 

II 

II 21 > 

11 1 

09 52 4 

11.0 

II n». ; 
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01 43.6 

11 91 1 

07 26 9 

11.9", 

11 37.9 

11941 

09 37.5 

11.721 

II 10 6 

17 ' 

04 3) 4 
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07 20.9 

11. 9-14 

11 5* • 

11.94) 
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II 14.9 

1 1 
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12. Ob' 
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II S'6 
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00 SI. 2 
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1 ' 4116 

n M 1 

12.2 44 

10 15.1 

11.574 

11 3.7 

ll * 

0-> 41.4 

12. J>7 

06 04.1 

12. 46 

12 04 0 

12.141 

10 14.5 

11.522 

II 4’ ) 

11 '» 

00 so.o 

12.257 

04 09.7 

12.413 



10 22 4 

11.303 

11 4-. .4 

11.71- 

00 57. 2 

12 10*1 

06 20 S 

12.431 

6 ft r 1974 

10 26.4 

M. 501 

II 52.4 

11.646 

10 10.1 

12 123 

06 27.4 

12.444 



10 SO I 

11.509 

11 37.1 

1 

10 19.7 

11 M 

06 37.1 

12.431 

07 20.1 

11.760 

10 34.3 

11.321 

12 01 4 

It 5 1 

10 ri 

11.946 

04 43. 4 

12.396 

07 24.9 

11.750 

10 39 4 

11.550 

12 0* 1 

11 4- 

10 34. 7 

11.951 

04 32.7 

12.272 

07 40.3 

11.724 

10 42.3 

11.371 

12 11 4 

11 ti- 

10 43 2 

I 1 | 

09 03.7 

12.125 

07 44 1 

11.746 

10 46.3 

11.60’ 

12 |6 1 

ll ’ 

10 33.0 

11.902 

09 10. 1 

12. OU 

07 S3. 9 

11.7(4 

10 30.2 

11.654 

12 21.1 

11.3-1 

11 02 4 

11.904 

09 19.4 

11.935 

04 03. 3 

ll.ll- 

10 54.3 

11.720 

12 24.3 

11 1 ■ 

It 10. s 

11.041 

09 22.3 

11.944 

04 16.0 

ll. 931 

m 34 . 9 

ll.l-U 

12 29 7 

ll. 54 . 

11 21 0 

11.041 

09 24.7 

11.491 

ni 2'.6 

12.04* 

11 03.0 

II. 6-40 

12 34.0 

11 ' 

11 3S 9 

12.041 

09 36.2 

11.464 

04 31.2 

12.16’ 

11 04.9 

12.039 

12 34 8 

II. I' - 



00 4S.6 

11.449 

04 3». 2 

12.241 

11 14.5 

12.205 

12 43.6 

ll. 341 

10 Octol. r 

1974 

09 34.9 

11.635 

04 43. 3 

12 494 

II 14 4 

12.360 

12 44 3 

11 1 ■ 



10 03. 3 

11.444 

06 41 3 

12. 192 

II 23 0 

12.311 

12 54.1 

II II 

Oo 46.5 

12. 244i 

10 IS. 7 

11 944 

04 , 

12.646 

11 26 9 

12.664 



06 St. S 

12 271 

10 16.3 

11.97) 

Os 03 0 

12.622 

11 31.0 

12.772 

12 Ja:.ua-y 

19*5 

O' 14. S 

12.I2S 

10 27.6 

12.06} 

09 04. 1 

12.696 

11 3S.) 

12.117 



0* 14.4 

12 090 

10 40.0 

12.225 

00 13.9 

12.744 

11 39.9 

12. 7(2 

07 14.4 

11.256 

07 22.3 

12.04' 

10 49.3 

12. 464 

00 23.3 

12.492 

II 44.) 

12.708 

07 19.6 

11.21) 

07 31 4 

11.90, 

11 04.1 

12.5-6 

09 31.1 

12 246 

11 41.4 

12.621 

0’ 29. 3 

11.171 

07 42. S 

11.909 

11 14.1 

12 349 

00 34.6 

12. Obi 

11 31.7 

12 561 

07 34.0 

11.14 

07 SO. 4 

11.497 

»1 20 i 

12.541 

09 44.6 

II - 

II 35.6 

12.447 

07 34.1 

11 162 

04 01.4 

11.927 

11 40.2 

12.177 

00 56.7 

11.771 

11 59.7 

12.405 

07 45. 2 

Ill- 

04 14.0 

11.934 

11 37.9 

12.217 

10 06.9 

11.707 

12 01.7 

12.520 

07 49.6 

I- 

04 26 9 

11.94) 

11 44.3 

12.114 

10 14 1 

11.646 

12 07.6 

12.225 

0’ 3) 0 

ll 226 

04 34.3 

. 

11 51.3 

11.992 

10 19.3 

11.640 

12 13.5 

12,051. 

07 56.1 

11.261 

04 49 2 

12.079 

11 50.5 

11.945 

10 26 9 

11.704 

12 17.4 

11.960 

04 06. 1 

11.3-6 

04 56.9 

12 !>• 

12 06.0 

11.189 

10 32.2 

11.747 

12 22.) 

11.872 

08 10.0 

11.433 

00 00.4 

12.141 

12 14 6 

11.464 

10 4- 

11.119 

12 26.4 

11. (OS 

04 13.2 

11 I'- 

00 IS O 

12 14 j 

12 23.3 

11.157 

10 46.4 

11.922 

12 29.4 

11.767 

04 16.9 

ll. 554 

00 2S.I 

12. 194 

12 29.1 

11.171 

10 53.3 

12.047 



08 29.9 

11.486 

00 S3. J 

12.240 

12 36.3 

11.926 

10 58.5 

12.13) 

4 January 1975 

04 33.6 

12.0 

09 39 6 

12 179 



11 OS. 7 

12.321 



08 36.9 

12.047 

09 47.3 

12.117 

24 Now^-ir 1974 

11 12.6 

12.496 

07 37.2 

11.436 

04 41.0 

12.144 

00 S4. 7 

12.04' 



11 20.0 

12.6S4 

07 41.6 

11.471 

04 4S.0 

12 299 

10 OS. 4 

11.974 

06 35.9 

12.134 

11 24.7 

12.701 

07 46.3 

11.539 

04 49.4 

12 132 

10 12.4 

11 . 92S 

06 4S.1 

12.276 

11 32.2 

12.69) 

07 50.7 

11.595 

04 52.6 

12. V'- 

10 21 1 

11 4 1 

06 36.6 

>2. 40b 

11 39. 5 

12.629 

07 57.9 

11.716 

04 37.1 

li. 232 

10 29.0 

11.643 

07 04.5 

12.6SI 

11 47.0 

12.543 

04 02.4 

11.747 

09 01.3 

12.1 ' 

10 39.1 

11.104 

07 07.7 

12.721 

11 57.2 

12.407 

08 07.7 

11.830 

09 OS. 4 

12.068 

10 34.6 

11.429 

07 16.0 

12.792 

12 04. S 

12.2)8 

04 12.0 

11.923 

09 09.6 

11.972 

11 01.4 

11 ISO 

07 22.4 

12.714 

12 16 4 

11.993 

08 16.6 

12.014 

09 11.7 

11.166 

11 04.4 

1 1 . t!9 

0 7 30.2 

12.516 

12 23.4 

11.891 

04 21.1 

12.116 

09 17.4 

11 -61 

11 19.3 

11.9S0 

07 JS.7 

12.422 

12 31.0 

11.116 

04 25.6 

12.224 

09 20.4 

11.706 

II 26.1 

12.000 

07 41.1 

12.219 

12 38.0 

11.773 

04 24.9 

12.316 

09 24.3 

II 614 

II 33.4 

12.066 

07 46.1 

12.105 



04 33.3 
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PXOLTtti: CAPTIOUS 

Figure 1. V lie!.*. curves or l»33 Eros. The cre 

observed points. The curves were drawn freehand through the sa"/ 
points shifted to th< left and right by amounts equal to Eros' 
mean synodic period. The time of primary maximum coincides with 
the midpoint of the abscissa. Magnitudes are corrected to unit 
heliocentric and geocentrtc distances. 

Figure 2. Caption as Figure 1. 

Figure 3. Caption as Figure 1. 

Figure 1*. Caption as Figure 1. 

Figure 5* Brightness of Eros at the primary maximum (PM) and secondary 
maximum (SM) of the light curve plotted as a function of solar 
phase angle. Filled circles denote points obtained prior to 
opposition; open circles are observations after opposition. The 
straight lines were fitted to the data by least squares. 

Figure 6. Primary (filled circles) and secondary (filled squares) 
amplitude of Eros' light curve plotted against Julian date. 
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Flgur 7* Ob.' rved V r and eo’ or ft :*'••. o'* hro fr 

December ?lt, 19/b, pitted as a function of Universal Time. 

The observed V magnitudes of the comparison star a r>. also given 
as an indication of the photometric quality of the night. Note 
that the measurements of Eros' brightness are plotted on a 
compressed scale. 

Figure 8. Observed V magnitudes and color indices of Kros fro 

February 1?, 1975» plotted an a function of Universal Time. The 
observed V magnitude.' of the comparison star are also given as an 
indication of the photometric quality cf the night. Note that, the 
measurements of Kros' brightness are plotte! on a compressed scale. 

Figure 9. The b-V color index of Eros as a function of solar phase 
angle. The filled circles denote the present observations from 
Lowell. The circled crosses are observations by Dunlap (1975) 
and Wisneiwski (1975) from Tucson, while the barred circles refer 
to measurements by Tedesco (1975) from I.as Cruces. The straight 
line was fitted by least squares to the Lowell data. 

Figure 10. The U-B color index of Eros as a function of solar phase 
angle. The filled circles denote the present observations from 
Lowell. The circled crosses are observations by Dunlap (1975) 
and Wisneiwski (1975) from Tucson, while the barred circles refer 
to measurements by Tedesco (1975) from Las Cruces. The straight 
line was fitted by least squares to the Lowell data. 
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Figure 11 . Primary (circles) and aaeondar) (ifutrtl) amplitude of 

the light curve of Eros plotted as a function of aspect ip (lover 
ordinate) arid Julian date (upper ordinate). Filled symbols per- 
tain to ip > 90°, and open symbols to ip < 90°. Computed amplitude- 
aspect curves are identified as follows: PS prolate sph-rold, 

CH cylinder with hemispherical ends, and RC right cylinder. 
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